ABSTRACT -A nontransformed clone and a spontaneously transformed clone were isolated from a twice-recloned line of Balb/3T3 cells. At different times two sublines were initiated from the nontransformed clone, and three were initiated from the transformed clone. The sublines were maintained in parallel passages under the same conditions. Each subline was distinctive in appearance and fell into the same rank order in a variety of growth parameters in vitro. Colony formation in agar and tumor formation in mice occurred only in the morphologically transformed sublines, but there was no quantitative correlation between the two properties or with the rate of glucose utilization. Two of the cell populations derived from noninbred NIH nude mouse tumors of the 3 transformed sublines differed in agar colony formation from the parental sublines. The results indicate that there is an immense capacity for variation in cultured animal cells involving many unrelated characteristics expressed in a way that is difficult, if not impossible, to explain by conventional genetic models.---":JNCI 1983; 71 :365-375.
The Balb/3T3line of mouse cells is representative of those cell lines that were established in culture by repeated passage of cells at low density (1, 2). Such lines are characterized by their flat appearance, low saturation density, and inability to grow in suspension or to produce tumors upon conventional inoculation into mice. Occasionally, they will give rise to cells with more rounded morphology, which grow to higher density, produce colonies in suspension, and are considered transformed (3, 4) . A clone of such morphologically transformed cells was isolated in this laboratory and found to be altered in its growth properties. We undertook a long-term study of the growth properties of this clone and of a nontransformed clone isolated at the same time. The growth and morphologic properties of the transformed line changed with repeated passage. Two additional sublines of the transformed clone, which were initiated by thawing stocks that had been frozen during an early passage of the transformed line, differed in growth and morphologic properties from the unfrozen subline and from each other. Differences in growth properties were also detected in two sublines of the nontransformed clone. These differences provided an opportunity for the study of the relationships between various criteria used to evaluate the growth properties of cells and between these criteria and other cell properties including morphology and capacity for tumor formation. This evaluation is the subject of the present report.
MATERIALS AND METHODS
Cells and culture methods.-A flat subclone of the A31 clone of Balb/3T3 cells was obtained from Dr. ] . Bartholomew (University of California at Berkeley) and maintained by passaging before confluence was reached. Despite continued adherence to this procedure, which was intended to maintain the flat phenotype, morphologically transformed cells were noted in the population after about 4 months of passage.
The mixed population was seeded at very low cell density, and individual colonies with cells of either flat or transformed morphology were isolated with glass cylinders stuck to the dish with silicon grease. The colonies were trypsinized, and the cells were maintained by serial passage. Clone 2 consisted of flat cells, and clone 14 consisted of rounded, transformed cells. When morphologic heterogeneity appeared in clone 2, it was recloned to obtain another flat variant (#2-1), which was frozen in liquid nitrogen. The frozen stock was thawed at various times to give the nontransformed sublines 2-1band 2-1c described here. The term "subline" refers to a separate successive series of passages made from cells of the same clone usually started from frozen stocks at different times. Clone 14 was kept in continuous passage without freezing (14a). It was also frozen at an early passage and later thawed at two different times to give sublines 14c and 14d used in the present work. Subline 14a was kept in fetal calf serum during its first 42 passages and then shifted to calf serum, whereas all the other sublines were in calf serum throughout.
The nontransformed sublines were passaged at weekly intervals at densities of 10 5/1 OO-mm plastic petri dish (actual area, 56 ern"). Since these cells multiplied very slowly at low densities, they did not become confluent during this period. The transformed sublines were passaged twice a week because they grew much faster than the nontransformed sublines. Sublines 14a and 14c were seeded at about 10 4 cells/ 100-mm dish, and subline 14d was seeded at 5X 10 4 cells/ dish and transferred when there were 10 6 cells or more. The medium used in the early passages of clones 2 and 14 was Dulbecco's modified Eagle medium with 10% calfserum (GIBCO, Grand Island, N.Y.). The sublines of clone 2-1 were maintained throughout in molecular, cellular, and developmental biology medium #402 [(5) prepared here] with 10% serum, as were subline 14a after the 65th passage and sublines 14c and 14d throughout.
The cultures were suspended for passage by being washed with Tris saline and by detachment of the cells with 0.1 % crystalline trypsin plus 0.5 mM EDTA in Tris saline. They were packed into a loose pellet by low-speed centrifugation and resuspended in growth medium for electronic counting and reseeding. All incubation was at 37°C in an atmosphere of about 5% CO 2 in humidified air to maintain pH at about 7.4. Growth experiments were done in 60-or 35-mm plastic petri dishes.
In studying multiplication rates at very low population densities, we seeded 50 cells/60-mm dish. At intervals, the cells were fixed in methanol and stained with Giemsa, and the entire population was counted microscopically. When the populations became too dense for direct counting, the cells were trypsinized and enumerated in a Coulter electronic counter.
Growth in agar.-Difco Bacto-agar was diluted to a concentration of 0.9% in growth medium, and 7.0 ml was used to prepare a base layer in 60-mm plastic petri dishes (area, 21 ern") which was hardened at room temperature. Cells were suspended in 0.4% agar plus medium, and 1.5 ml was layered over the base layer. Counting was usually done at 2 weeks, but sometimes it was repeated at 3 and 4 weeks. Only colonies of a diameter of 0.14 mm or greater, as determined with an ocular micrometer, were counted (35 divisions of the micrometer equivalent to l-mrn colony diameter). When the growth rates of the colonies were to be determined, their diameters were measured at weekly intervals up to 4 weeks.
Saturation density. -The transformed su blines 14a and 14c multiplied so rapidly and to such high population densities that they very rapidly depleted the medium, so that even daily replenishment was inadequate to maintain their growth. To determine their saturation densities, we had to maximize the ratio of medium volume to surface area of the substratum to which the cells were attached. We accomplished this by seeding cells at a density of 1. IX 104/cm 2 on 18x 18-mm cover slips in 35-mm dishes and by transferring the cover slips to 100-mm dishes in 12.5 ml medium the next day. When the cells became crowded, the medium was changed every day or every other day or whenever the shift from red to orange of the pH indicator in the medium indicated significant depletion of glucose and its conversion to lactic acid. Since some cells of the transformed lines detached from the cover slips and reseeded themselves on the surface ofthe plastic dish, the cover slips were transferred to a new dish when the outlying colonies became dense. Previously reported tests of the medium indicated that there was no depletion under this regimen (6) .
Inoculation into mice.-Athymic nude mice for these experiments were raised at the vivarium facilities of the California Department of Health Services from N:NIH(S)II-nu/nu stock (7) received from the National Institutes of Health. Cells were trypsinized and suspended in growth medium at concentrations of 2X 10 6 / ml, and 0.5 ml was inoculated sc between the shoulders of the NIH nude mice when about 4 JNCI, VOL. 71, No.2, AUGUST 1983 months old. The time of appearance and sizes of tumors were recorded at weekly intervals. When tumor material was desired for culture or histologic examination, the mouse was killed by ether inhalation and the tumor removed aseptically. Part of the tumor was minced into small fragments and placed in culture flasks in the regular medium. After the cells had grown out from the explants, they were transferred in the routine way. Another portion of tumor was fixed in Formalin for histologic study.
Glucose utilization and pHdeterminations.-We measured the rate of glucose utilization in cover-slip cultures after an initial 5-day period of multiplication by changing the medium daily and determining the residual glucose in the medium by means of the Glucose Rapid Stat Kit (Pierce Chemical Co., Rockford, 111.). Cell protein was determined by the Lowry method (8) . To determine the pH of the media, we equilibrated tubes containing 1 ml mineral oil overnight with the 5% CO 2 atmosphere of the incubator. Medium that was changed daily in conventional cultures was drawn into a pipette and immediately discharged under the mineral oil. The pH was determined by immersion of the glass electrode of a Radiometer pH meter through the oil into the culture medium.
RESULTS

Colony-Forming Efficiency in Agar Suspension
No systematic attempt was made to determine the CFE ag of subline 14a precisely when it was first isolated. A stock that was frozen at the 71st passage had a CFEag of about 10% for 3 successive passages after thawing. After about 90 passages of the unfrozen subline, the cells had a more rounded appearance than previously and produced more and larger colonies. Shortly after thawing a sample of the original frozen stock of clone 14 designated 14c, we began systematic recording of CFE ag on sublines 14a and 14c and extended it to a third subline (l4d) when it was thawed (text- fig. 1 ). There were short-term fluctuations in CFEag in all 3 sublines, which might have been due to variations in the physiologic state of the cells at the time of seeding in agar. There were longer term fluctuations also, with subline 14a reaching a maximum CFE ag of 70-90% between passages 176 and 187 and later a level of 30-50% for about 30 passages. We noticed that the cells of 14a became flatter in the later passages, but no precise correlation can be drawn of this morphologic change with CFE ag . Subline 14c increased in CFE ag during its early passages and later stabilized between 7 and 15%. Subline 14d had a CFE ag between 2 and 5% throughout its 39 passages. Sublines 2-1band 2-1c produced less than 0.1 % colonies of 0.14 mm or more in diameter during 84 and 24 passages, respectively.
The distribution of colony sizes in agar at 15 days in the 3 sublines of clone 14 is shown in text-figure 2. The average colony of 14a was slightly larger than that of 14c, but some colonies of 14c were as large as any of 14a. The colonies of 14d were distinctly smaller than those of the other 2 transformed sublines.
The growth rates of the colonies are shown in text- figure  3 . The maximum size of colonies in sublines 14a and 14c varied inversely with the number of colonies per dish due to medium depletion. The limitation on colony size was not relieved by weekly additions of agar medium, probably because the amount added weekly (1.5 ml) was restricted by the capacity of the dish and was therefore only a fraction of the volume (8.5 ml) originally present. The initial growth rate of 14a colonies was slightly higher than that of 14c. When small numbers of colonies were present, the expanding colonies of 14c became at least as large as those of 14a, although the size of the 14a colonies may have been limited by medium depletion even with only 30 colonies per dish. because most of the 14d colonies did not reach countable size until after the 1st week. The final size of the 14d colonies was only slightly affected by the number of colonies present, indicating that their growth was self-limiting rather than the result of medium depletion.
It is not possible to convert colony diameters into cell numbers since the shapes of the colonies differ, and few, if any of the colonies, are spherical (4), and their thickness was not measurable by observation. Even when the assumption of sphericity was made, however, the linear increase in diameter showed that a gradual slowdown in the overall rate of cell multiplication must have occurred as the colonies enlarged.
Growth Rate and Saturation Density on a Solid Substratum
The growth rates and saturation densities of the 3 transformed sublines fell in the same rank order as their growth in agar (text-figs. 4, 5). The 2 nontransformed sublines multiplied at slower rates and reached lower saturation densities than did the transformed sublines. Subline 2-lc multiplied more rapidly and reached a higher saturation density than did subline 2-1b, even though the former had undergone fewer passages. It is perhaps significant that some of the subline 2-lc cells subsequently underwent overt morphologic transformation.
The growth rates of all sublines decreased when the cells were seeded at low densities (text- fig. 6 ), but the decrease was more pronounced in the slower growing sublines than in the others. As a result, the difference in cells per culture in the fastest and slowest growing sublines, which was less than tenfold at the termination of the high-density experiments (text- fig. 5 ), was more than 1,000-fold in the lowdensity experiment (text- fig. 6 ).
Counting colonies on plastic was an unsatisfactory way of quantitating growth at low density because the cells of sublines 14a and 14c tended to detach and reseed themselves TEXT-FIGURE 4.-Initial rates of multiplication of all sublines.
Cells were seeded at 1.1X 10 4/cm 2 on 35-mm dishes; trypsinization and counting were started the next day (=day I to initiate secondary colonies. Also, the choice of a threshold of cell number to score as a colony is arbitrary and tends to exclude the smaller colonies of the slow-growing sublines, especially if the counts are made within 2 weeks. However, it was apparent that both colony number and size followed the same rank order as did the other growth measurements.
Morphology
The 5 sublines could readily be distinguished from one another on the basis of their appearance. The two nontransformed sublines 2-1band 2-lc formed well-delineated regularly arranged colonies of flat cells in close apposition with one another (figs. lA, IB) until one of them underwent morphologic transformation. At this time colonies of more densely packed cells appeared ( fig. lC) alongside the nontransformed colonies. The densely packed colonies were similar in appearance to the colonies of 14d, the slowest growing of the transformed sublines ( fig. 1D ). When growing in mass culture, the 14d colonies contained many fusiform as well as round cells ( fig. 2A) . The faster growing transformed sublines 14a and 14c, of course, produced visible colonies earlier than the others, but they differed from each other. Colonies of 14a contained both rounded and flat cells ( fig. IF) 
Tumor Production
Neither of the nontransformed sublines produced detectable neoplastic growth over a 9-month period when 10 6 cells were inoculated into nude mice. Subline 14a produced small size that the 14a tumor cell population differed from the parental culture line. However, both had modal chromosome numbers of90-91. The tumor cells of subline 14d were very flattened after attachment to the culture dish, grew very slowly, and produced no colonies in agar. They were therefore markedly different in appearance and growth properties from the cell population used to initiate the tumor.
Other Characteristics of the Sublines
It has already been shown that nontransformed cells and subline 14c retain their magnesium content in the face of extracellular magnesium deprivation, unlike subline 14a (7). Sublines 14a and 14c were compared for their rates of glucose utilization (table 3) . Cover-slip cultures were used to avoid problems of medium depletion. When the cultures became crowded (>5 days), subline 14c utilized glucose at about twice the rate of subline 14a (table 3) , although subline 14a multiplied more rapidly and to a higher density. The rate of glucose utilization in both cultures decreased with density, but it was higher at all densities in 14c than in the lowest density in 14a. It is to be expected that the rate of pH change in cultures would reflect the rate of glucose utilization, since glucose is the main source of acid production in the form of lactic acid. Subline 14c did, in fact, acidify the medium more rapidly than the faster growing 14a at all cell densities (table 4) . It is apparent, therefore, that the rates of glucose utilization of sublines 14a and 14c are negatively correlated with their growth rates in culture nodules within 1 week, but these nodules flattened out and seemed to disappear, only later to be found forming both localized small tumors and a diffuse growth over the back that infiltrated the muscle and fat around the spinal column (table 1) . Subline 14c produced tumors very quickly, and these tumors developed into huge three-dimensional masses that were poorly fixed to the underlying tissue. There was much less infiltration into the host tissue, but the histologic classification was the same as that of the 14a tumors. Subline 14d neoplasms grew even more slowly than did 14a neoplasms and were highly invasive, infiltrating into the soft tissues above the vertebrae and into the axillary space and exhibiting no free-standing tumor masses. The complex evolution of the tumors is reflected in the complexity of table 1. Histologic examination showed that the tumors of all 3 sublines were anaplastic sarcomas made up of pleomorphic, plump spindle cells with some bizarre giant cells.
The tumors were explanted into culture, and their capacity to produce colonies in agar was compared with that of their parental lines. Cultures of tumors from 14a and 14c resembled the parental lines morphologically. Although the 14c tumor cells had about the same CFEag as the parental line, the tumor cells of 14a were about 10 times less efficient than their parental lines (table 2). The colonies formed by the 14a tumor cells averaged 0.46 mm in diameter at 15 days, whereas those formed by the standard passage of 14a averaged about 0.81 mm. The colony sizes of the tumor and standard passages of 14c averaged 0.57 and 0.68 mrn , respectively. It is evident from the reduced CFEag and reduced "' = diffuse, flat growth over back; " = size of infIltrated area (no discrete tumor mass); + = barely palpable; ++ = <1 mm; P = paralyzed: 
DISCUSSION
Beginning with a twice-recloned line of Balb/3T3 cells, 5 distinguishable sublines of cells have evolved. The first noticeable distinction among the Balb/3T3 cells was a morphologic transformation of some cells in an otherwise flat-celled culture. Nontransformed and transformed clones were isolated and either kept in continuous culture or cryopreserved and later retrieved for culture. Two separate sublines of the nontransformed clone 2-1, differing only in the length of cryopreservation and the time at which they were thawed, had different rates of multiplication, saturation densities, and colony-forming capacity on plastic. The faster growing subline (2-1c), which also had undergone many fewer passages, underwent morphologic transformation, while the slower growing one has maintained normal morphology for over 95 passages spanning 17 months. One transformed line, 14a, was maintained in continuous passage without freezing, while the other 2 were frozen and retrieved for culture at different times. The cells of 14a became more rounded at about the 90th passage, and its CFEag rose at roughly the same time. Subline 14c, which was thawed next, has maintained a lower CFEag through about 130 passages. Its morphology is very different from that of 14a. Subline 14d, the most recently thawed, remained at a lower CFEag than 14c for 39 passages, and its colonies are distinctly smaller than those of 14a and 14c. It is morphologically the least transformed of the 3 sublines. The transformed lines differ in growth rates by a variety of tests and in their tumor-forming capacity. Subline 14c produces tumors more quickly than 14a, and the tumors grow to a much larger size. The tumors of 14c are not fixed to the underlying tissue while those of 14a and 14d are, indicating invasiveness of the latter 2 sublines. Subline 14c uses glucose at a more rapid rate than does 14a, and it retains its magnesium content much more effectively when deprived of extracellular magnesium (9) . With respect to glucose utilization, therefore, 14c is less like the nontransformed cells than is 14a, whereas in its retentiveness for magnesium it is more like them. No doubt other differences among the various sublines could be found if assiduously sought. Thus there is the curious picture of cultures derived from the same clone and maintained under the same conditions differing in a variety of properties with no evidence of a coordinated change in the properties. Similar findings were reported in a cloned line of spontaneously transformed mouse cells (/0, 11). Two separately maintained populations differed from the parental line and from each other in morphology in vitro and in vivo, tumor-forming capacity, and activity of two enzymes. Both the degree and direction of these heritable differences of the various properties were uncoordinated with one another. A similar heterogeneity has been found recently in the metastatic capacity of cells. When reinoculated into animals, cloned lines of cells derived from a melanoma have differing capacities to form metastases (/2). Even a short serial passage of individual clones results in the emergence of variant subclones with differing metastatic properties. Indeed, heterogeneity seems to be a common feature of clonal lines derived in culture from the same cancer and includes such diverse properties as tumor histology, growth characteristics in culture, karyotype, antigens, and transplantability (/3, 14) . However, heterogeneity is not restricted to cancer cells. A marked variation in life expectancy has been found in normal diploid human lung fibroblasts (15) and is related to the phenomenon of senescence (/6). Rapid divergence of division times has been recorded in the progeny of single cells during the development 'of individual clones of the same fibroblasts (/7). As with the tumor cells, diversification of the normal cells includes properties other than growth potential, such as cell size and motility (/8). The senescence phenomenon is itself an indicator of the capacity for change among all the cells of a culture, because the life expectancy of the culture as a whole changes with each successive passage (/9). This phenomenon is also characteristic of rodent cells during their early passages, although they may eventually become established as permanent cell lines (/). Separately maintained explants of human foreskin 'fibroblasts from the same individuals differ in content of five lysosomal enzymes as soon as they can be tested, and the relationship of the enzymes to one another within a single explant~aries in subsequent passages (20) . Such explants also differ qualitatively from each other in their metabolism of testosterone, as do clones from the same explant (21) . Indeed, some of the clones have mixed metabolism indicating divergence of the descendants of a single cell. An enzyme involved in testosterone metabolism varies widely, even in subclones of genital skin fibroblasts, and is not correlated with variations of two other enzymes (22) .
That such heterogeneity is the rule rather than the exception for cultured cells is suggested by a combination of the cited results with those described in an extensive review of the literature published almost 20 years ago (23) . Full consideration of the evidence suggests that the changes are epigenetic rather than genetic in origin. For example, the growth conditions that enhance metastatic heterogeneity have no effect on the incidence of drug-resistant phenotypes that are presumably controlled by nuclear genes (12) . The rare reappearance of a battery ofliver-specific gluconeogenic Cell Diversity in Culture and Tumors 371 enzymes in dedifferentiated rat hepatoma cells is not increased by treatment with mutagens (24) , indicating that such rare changes in multiple heritable properties of cells are likely to be epigenetic. Some normal cells from midterm hamster embryos are not subject to density-dependent inhibition and can multiply in suspension (25) . With further normal development both in vivo and in vitro, they become sensitive to density-dependent inhibition and lose the capacity to multiply in suspension, indicating that heritable alterations in these properties, often used to characterize the malignant transformation, are mediated epigenetically. Fluctuation analysis of clones of the hamster cells showed that the population was heterogeneous, and the changes in growth properties were random events reminiscent of mutations, even though they involved normal differentiation and were presumably epigenetic. It seems evident that some of the conventional criteria used to identify spontaneous mutations do not, in fact, distinguish them from epigenetic events.
An important consideration in evaluating the origin of the .effects described here is the nature of their phenotypic expression. Our results do not indicate any limit to the number of phenotypes. Each separately maintained population has developed a distinguishable set of properties, although each originated from the same clone and all populations were maintained under basically the same conditions. There is no indication of convergence toward a common phenotype. In each case a number of properties are affected, and they are not necessarily changed in the same degree or direction. The similarity to the phenomenon of progression, well known in tumor development (26), is striking. There too, many cellular properties change and do so in a manner relatively independent of one another. Due to the limits on observing and manipulating cells in vivo, one detects only selection for increased autonomy and rate of growth of the tumor cells. That this is not necessarily the case in vitro is shown by the selection for slow-growing variants in the establishment of mouse 3T3 cells (/) and for the gradual loss of growth potential in the early passages in culture of all normal cells following their removal from the animal (1, 19). Therefore, progression may be a special case of a general type of variation seen also among cells in culture. Foulds (26) has presented a comprehensive case for the epigenetic origin of progression, and his analysis can be extended to the variations encountered in cell culture.
Although heterogeneity is almost ubiquitously encountered in cell culture and found when it is looked for in cancers, it is not an intrinsic part of any molecular or genetic theory of cell development or cancer. Heterogeneity is, however, the keystone of the biologic theory developed over a 25-year period by Elsasser and recently summarized (27) (28) (29) . On the basis of the assumption of the inviolability of quantum mechanics in organisms plus considerations from combinatorial analysis and information theory, Elsasser postulates that the cell has an immense number (> 101~of possible states, only a tiny fraction of which is realized in nature. The reproduction of likeness by a cell is of such complexity and the number of possibilities so vast that the process is intrinsically irreducible to biochemical mechanism; i.e., it is indeterminate in physicochemical terms and must be approached with an innovative holistic epistemology. Applied to the heterogeneity of cell culture, Elsasser's theory suggests that the ordering principle of normal cells depends on the organizational hierarchy of the tissue, organ, and body. When these constraints are removed in dispersing and isolating the cells in culture, expression of a much wider range of the cell's possible states is permitted. Ultimately, the cell may come to a metastable equilibrium with its new surroundings, but this equilibrium is apparently different for each .cell population, and there is no indication of convergence toward a common cell type. This picture raises the possibility that disruption of the normal cellular environment of the tissue or the body as a whole plays a role in the induction of cancer in vivo. It would then be understandable why no two tumors are the same (26) . The findings discussed here indicate that cellular heterogeneity in the absence of normal constraints is indeed as radical as Elsasser's theory predicts and indicate that his holistic epistemology merits serious consideration as a means of ordering many seemingly disparate observations of cell behavior.
Despite the extreme heterogeneity in various traits described above, our results indicate that the different methods used to measure the multiplication of cells reflect a similar underlying property of these cells. Our 5 sublines fell into the same rank order with regard to their initial rate of multiplication, saturation density, multiplication at low seeding densities (also reflected in cloning efficiency and size on a solid substratum), and efficiency and size of colony formation in suspension. Usually, the various methods of measuring multiplication are considered as separate, if not independent, parameters. This is especially true for colony formation in suspension, sometimes considered the hallmark in vitro of malignant transformation. Our results suggest that the various assays represent different thresholds of sensitivity for assaying the growth potential of cells. Thus multiplication at low population density on plastic is a sensitive indicator of differences between the nontransformed sublines, but not as good at differentiating between the two most transformed sublines 14a and 14c. Colony formation in agar is useless in distinguishing between the nontransformed sublines since they both fail to form colonies, but it discriminates well between the transformed sublines. Caution is advisable in generalizing the correlation between growth parameters, because it has been reported that a line of Balb/3T12 cells, which has a much higher saturation density than Balb/3T3 cells derived in parallel, has a much lower cloning efficiency on a solid substratum (30) . We only observe that the trend for a correlation among the various measurements exists in our series and suggest it reflects an unknown general property of the cells.
Our results do call into question the precision of the correlation between anchorage-independent growth (as represented here by CFEag) and tumor-forming capacity. Anchorage-independent growth has been cited by a number of investigators as the most reliable cell culture indicator of the nalignant potential of cells in the animal [e.g., (31-33)], although exceptions have been noted (34, 35) . The capacity of our sublines to produce colonies in agar was associated with the ability to produce tumors in nude mice but only in a qualitative way. Subline 14a had about a three times greater CFE ag than did 14c; however, subline 14c produced progressively growing tumors much more quickly, and these tumors grew to a much larger size. There are, however. complications even in the interpretation of tumor formation. Although the 14c tumors were much larger than the 14a tumors, they were much less invasive, and in this respect they might be considered less malignant. The in vivo behavior of the cells might be related to their morphologic properties in vitro. Subline 14c attaches less firmly to the plastic substratum than does 14a and seems to attach less firmly to the underlying muscle and connective tissue in vivo. Subline 14d has the least transformed appearance in culture of the 3 transformed sublines, and its colonies in agar are self-limiting in size as contrasted with those of 14a and 14c which are limited only by availability of nutrients. Similarly, 14d produces the smallest growths in the mouse. It is apparent that mere measurements of the rate of tumor development are inadequate to express the biologic complexity of the tumor-forming capacity of the cells. ..... 
